We used PCA of morphological characters to confirm the presence of an undescribed Calamagrostis species in Washington and Oregon that has historically been attributed to Calamagrostis vaseyi. We propose to name this grass Calamagrostis tacomensis. It is most similar to C. foliosa although it has often been confused with C. purpurascens and C. sesquiflora all of which have similar lemma awn characteristics (i.e., the awn relatively long, exserted, and bent). Calamagrostis tacomensis has been collected at high elevations (490-2170 m) in the Washington Cascades, the Olympic Peninsula and the Steens Mountains of Oregon. The name C. vaseyi has been misapplied to our new species. The description of C. vaseyi is similar to C. rubescens. We have studied the specimen that has been attributed to be the type of C. vaseyi and it is C. purpurascens. We lectotypify C. vaseyi.
In preparing the treatment of Calamagrostis (Poaceae) for the Flora of North America, we noticed several specimens from the mountains of Washington and Oregon with long, exserted, and bent lemma awns that did not match descriptions of other northwestern North American species with similar awn characteristics such as: C. sesquiflora (Trin.) Kawano, C. purpurascens R. Br., C. howellii Vasey, and C. foliosa Kearney. Most such specimens had been identified initially, or annotated later as C. sesquiflora, but did not originate from habitats and geographic locations typical of C. sesquiflora, a plant of strictly maritime/coastal environments (Marr et al. in press) . Some of these specimens had also been labelled at some point as ''C. vaseyi Beal'' leading us to reconsider the validity of this entity. We present morphometric data from herbarium specimens to support the recognition of this Calamagrostis entity (viz. ''C. vaseyi'') as a distinct species, and provide a botanical diagnosis, description and comparison to other related species. We propose the new name, C. tacomensis K. L. Marr & R. J. Hebda. We also designate a lectotype for C. vaseyi and show that the morphology of this specimen falls within the range of C. purpurascens.
MATERIALS AND METHODS
In our study, we included northwestern North American species whose floral morphology was similar to ''C. vaseyi'' in having long (greater than 4.5 mm), exserted, and bent lemma awns
and often an open inflorescence (i.e., C. purpurascens, C. sesquiflora, C. howellii, and C. foliosa). Herbarium material (including five specimens of Russian C. sesquiflora) was borrowed from CAN, DAO, GH, JEPS, MO, NY, OSU, WTU, UBC, UC, US, and V, and collections at Olympic National Park and Pacific Lutheran University (Appendix 1). For 93 specimens, we measured or observed 20 leaf, inflorescence, and growth habit characters (Table 1) . These data were used in the morphometric analyses and to develop species descriptions. In the descriptions, additional measurements were added in cases where those included in the morphometric analyses did not capture the full range of variation (e.g., leaf blade lengths and widths were based upon the widest, narrowest, longest, and shortest blades of the specimen regardless of position on the stem). For all specimens, we recorded information concerning habitat and collection locations.
To help establish whether or not the apparent entity is distinct from the taxa that it resembles, we applied principal components analysis (PCA) using SYSTAT (1997) in which we included the characters indicated in Table 1 .
RESULTS
A non-statistical comparison of 21 characters suggests that several of them may be useful to distinguish among these species (Fig. 1) . For example, C. purpurascens is the only species with densely tomentose upper leaf blade surfaces; inflorescence width of C. howellii (5.0-15.0 cm) MADROÑ O, Vol. 53, No. 3, pp. 288-298, 2006 is greater than that of the other species (0.5-3.0 cm); awns of C. foliosa (12.0-17.0 mm) and C. howellii (10.0-16.0 mm) are generally longer than those in the other three species (4.5-13.0 mm). Based on this comparison, C. tacomensis is most similar to C. foliosa, differing mostly from the latter in having shorter awns, glumes, lemmas, and callus hairs. Although it was not part of our analysis, C. tacomensis also occurs at much higher, inland sites than C. foliosa.
In the first PCA, the first factor accounted for 31% of the variation with awn length (AWNL), upper leaf surface (ULFS), and longest inflorescence branch (BRL) contributing most to the variation (see Table 1 for details). The second factor accounted for 16% of the variation with plant height (HT), lower leaf surface (LLFS), and number of nodes (NODE) contributing the most. A scatterplot (Fig. 2) of the PCA scores indicated that C. purpurascens and C. sesquiflora were morphometrically distinct. There was more overlap among C. foliosa, C. howellii, and C. tacomensis, nevertheless most specimens of C. tacomensis were visibly distinct from the other species. Three of the C. sesquiflora specimens from Russia clustered together with those from North America; the other two did not. The scatterplots confirmed Scribner's (1901) statement to the effect that C. tacomensis (his C. vaseyi Beal, see below) is morphologically intermediate between C. purpurascens and C. howellii. The specimen (US-556750) that we have designated as the lectotype of C. vaseyi plotted well outside of the range for C. tacomensis and clearly together with C. purpurascens.
In a second PCA, we removed C. purpurascens and C. sesquiflora from the analysis and included the same set of characters as the first PCA. The first factor accounted for 29% of the variation with lemma length (LML), callus hair length (HARL) and glume length (GL) contributing the most. The second factor accounted for 18% of the variation with plant height (HT), leaf width (LFW) and inflorescence length (INFL) contributing the most. The third factor accounted for 12% of the variation with inflorescence width (INFW), upper leaf surface (ULFS), and inflorescence branch length (BRL) contributing the most. A scatterplot (Fig. 3) of the PCA scores indicated that there was almost no overlap among C. foliosa, C. howellii, and C. tacomensis, especially on the first axis.
DISCUSSION
Our analyses indicate that there is a group of specimens that are morphologically as well as ecologically and geographically distinct from any of the currently recognized species of Calamagrostis. Earlier botanists noted that these plants are distinct from other species of Calamagrostis, and sometimes misapplied the name ''C. vaseyi'' to them. Furthermore, the specimen that has been regarded as the type of C. vaseyi belongs to C. purpurascens. In the following section we outline the history of C. vaseyi and demonstrate why the name cannot be used. We provide a name, C. tacomensis, for the above mentioned group of specimens and a key and descriptions for C. tacomensis and morphologically similar species of northwest North America.
Taxonomic and Nomenclatural History of Calamagrostis vaseyi
Calamagrostis vaseyi Beal was first published in Beal (1896). The protologue indicates that it was based on a collection made by U.S. Department of Agriculture botanist, G. R. Vasey: ''Washington (Cascade Mountains), Vasey. Alaska to Washington.'' In the US type collection there is a specimen (US-556750), that has been considered the type specimens for C. vaseyi (Fig. 4) . This specimen has been annotated by at least three different individuals, none of whom gave their name. Beal was not one of them. One annotation is simply ''Type of C. vaseyi Beal.'' In the handwriting of a second person are the following two statements: 1) ''In Beal Herb. is a duplicate of this with labels in Vasey's script ''Calamagrostis purpurascens R.Br.-the genuine plant''; and 2) ''It is not named ''C. vaseyi''-there is no Beal script in connection with this specimen''. Following the first statement above, lightly in pencil is written ''cf. C. purpurascens.'' In the handwriting of a third person are the following: ''Calamagrostis rubescens [''rubescens'' has been crossed out]; locality: Cascade Mts. Washington; collector G.R. Vasey 1889.' ' Hitchcock et al. (1969) noted, and we agree, that this specimen is actually C. purpurascens. Beal (1896) designated a type collection for C. vaseyi but did not specify a particular sheet in a specific herbarium. To preclude future nomenclatural problems, we are designating US-556750 as the lectotype of C. vaseyi, a designation that is in keeping with past practice. We have been unable to locate the specimen that is alluded to in comment 1 above. Beal's description for C. vaseyi matches that of C. rubescens Buckley in the following characters: leaf length and width, the presence of hairs at the leaf collar, glume length, awn length and position of attachment to the lemma, and callus hair length. He described the awn as straight, whereas it is bent in C. rubescens. Scribner (1901) recognized C. vaseyi Beal, and provided an illustration in his own hand (we do not know what specimens he viewed) and noted that C. vaseyi is ''intermediate between C. purpurascens and C. howellii.'' However, neither Scribner's description, nor his illustration, matches the description given by Beal (1896). Under synonymy, Scribner stated: ''C. purpurascens of Vasey, Contr. U.S. Nat. Herb. 3:82, 1892. Not R. Br. 1823.'' Vasey (1892), under C. purpurascens states the following: ''This description is from specimens collected in the Cascade Mountains of Washington by G. R. Vasey, which agrees well with European specimens, although differing somewhat from the description in Hooker's Fl. Bri. Am. It occurs also in British America and in Sitka.'' From these comments it is evident that Vasey perceived that the entity he collected in 1889, and described as C. purpurascens, did not entirely match C. purpurascens R. Br.
Calamagrostis vaseyi was recognized as distinct from C. purpurascens in several early regional floras of British Columbia (Henry 1915 ) and the Pacific Northwest (Howell 1897; Piper 1906; Frye and Rigg 1912; Abrams 1923; Jones 1938 Calamagrostis vaseyi has also been confused with C. sesquiflora. Kawano (1965) in his treatment of the ''C. purpurascens complex'' viewed ten Washington state specimens and concluded that they belonged to C. sesquiflora. It appears that this was the first application of the name C. sesquiflora to plants from Washington State. Hitchcock et al. (1969) followed Kawano (1965) and reported that C. sesquiflora occurred ''On cliffs and shaded to open rocky montane to subalpine slopes in our area, mostly at elevations of 3500-6000 ft.; Olympic Mts., and the Cascade and Wenatchee Mts., Wash., from Kittitas Co. to Skamania Co.; Aleutian Is. to n.e. Asia.' ' We have viewed most of the specimens from Washington that Kawano annotated as C. sesquiflora; all fit the concept and criteria of what we propose to call C. tacomensis (Fig. 5) , a previously overlooked species that is distinct from both C. purpurascens and C. sesquiflora (Figs. 2, 3 ). These specimens bore earlier labels identifying them as either Trisetum sesquiflorum Trin., Deyeuxia sylvatica Kunth var. americana Vasey, C. purpurascens R. Br. or C. vaseyi Beal. Further confusion resulted because some specimens that are actually Trisetum spicatum (L.) Richt., have been annotated as Calamagrostis sesquiflora arising from the earlier inclusion of the species in Trisetum.
Typification of Calamagrostis tacomensis
''Tacoma'' is a Native American name for Mt. Rainier near Seattle; because many collections of this species come from that mountain, we chose it for the specific epithet. To our knowledge, the specimen that we have chosen for the type is the earliest collection made. A Calamagrostis foliosa similaris, sed glumis, lemmae, aristae et pilis calli brevioribus. Plants without sterile culms; cespitose, sometimes densely so, usually without rhizomes, if present, rhizomes short (about 2 cm) and stout (2-3 mm thick). Culms (20)30-55(95) cm, unbranched, smooth or slightly scabrous beneath the panicles; nodes (1)2(5). Sheaths and collars smooth to slightly scabrous; ligules (3)3.5-5.5 (6) mm, mostly entire and truncate to obtuse, sometimes lacerate; blades (6)7-14(30) cm long, (1.5)2-2.5(4) mm wide, flat, abaxial surface smooth or rarely slightly scabrous, adaxial surface usually slightly scabrous, rarely smooth. Panicles (5)7-10(18) cm long, (0.5)1-2(3) cm wide, loosely contracted, sometimes open, erect to slightly nodding, shiny green and purple; branches (2)2.3-4(6) cm long, scabrous, with spikelets mostly on the distal 2/3, sometimes to the base. Spikelets (4)6-6.5(7) mm, often green with a purple patch at the base; rachilla prolongations 1.5-2(2.5) mm, with (1.5)2(3) mm hairs. Glumes keeled, sparsely scabrous on the keel towards the glume apices, lateral veins mostly prominent, apices acute to short acuminate, tips not twisted; callus hairs (1.2)2(2.5) mm, (0.3)0.4-0.5(0.6) times as long as the lemmas, abundant; lemmas (3.5)4-5(5.5) mm, (0.5)1.5-2(3) mm shorter than the glumes; awns (5.5)7-8.5(10) mm, attached to the lower 1/10-1/3 of the lemmas, exserted (greater than 2 mm), easily distinguished from the callus hairs, strongly bent; anthers (1)2-3(3.5) mm. 2n 5 unknown. 
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Comments. The type specimen of C. tacomensis was originally labelled as Deyeuxia sylvatica, Kunth, var. (Deyeuxia is a genus sometimes combined with Calamagrostis.) The holotype has been annotated as C. vaseyi Beal. At US is a third specimen that we have seen whose label bears the following: ''Deyeuxia. Dry rocks on high mountains 11 Aug. 1886, Suksdorf 201.'' The epithet sylvatica was added later in a different handwriting; a third person later annotated it as C. vaseyi Beal. Because the US specimen bears a different collection number, we have not included it as an isotype, although it was evidently collected from the same location and on the same date.
Calamagrostis tacomensis is currently known only from three regions: Cascade Mountains of Washington, the Olympic Peninsula of Washington, and the Steens Mountains of southeast Oregon. The Steens Mountains specimens are somewhat more robust than those of Washington State. Clarification of the taxonomy of this and the other morphologically similar species removes C. sesquiflora from the flora of Washington State.
Ecology of Calamagrostis tacomensis
Calamagrostis tacomensis grows in mountains, mostly in open, moist to dry sites from 490-2170 m. Notable on many of the herbarium labels are the words ''rock'', ''rocky'', ''crags'' and ''cliffs'', but sandy and sandy loam soil textures are also recorded, and the species occurs from ridge top to valley bottom positions.
Compared to morphologically similar species in the region, the ecological requirements seem to be similar to but probably macroclimatically moister and milder than those of C. purpurascens, a species that also occupies mid to high elevations but is mostly in more continental climates. Unlike C. tacomensis, C. purpurascens is commonly associated with forested conditions in addition to the open habitats typical of C. tacomensis. Compared to C. sesquiflora, the relative macroclimatic conditions of C. tacomensis are more inland and continental. Calamagrostis sesquiflora would seem in North America at least to have limited drought and cold tolerance, growing predominantly in sites within a few kilometres of the open ocean or at sites under strong maritime influence from sea-level to 1100 m. Although it occurs on rocky sites, these are almost always moist and soils with abundant organic matter (bogs, heaths) are often noted.
Like Calamagrostis tacomensis, C. foliosa and C. howellii have a limited geographic distribution and a preference for rocky sites and cliffs. Both, however, are lower elevation species (C. foliosa from 0-1220 m and C. howellii from 100-450 m) suggesting limited or no tolerance of significant frost, particularly C. foliosa. Of all the morphologically similar species, C. howellii grows in the most similar habitats and nearest to C. tacomensis, but at lower elevations and for that reason likely under drier conditions.
CONCLUSIONS
It is critical to carry out comprehensive field surveys, collections, and ecological/habitat observations of C. tacomensis, because it appears to have a limited distribution. The range may well be greater than so far recognized by us from herbarium material. A thorough investigation of the southern Cascade Mountains northward into British Columbia and the Olympic Mountains is required as well as isolated adjacent high ground. In this context, the morphological distinctness of C. tacomensis in the Steens Mountains suggests either long-distance dispersal or more likely relict populations of a species that was more widespread during cool climates of the late Pleistocene. A genetic study using DNA markers might clarify the above question as well as evaluate the relationship of C. tacomensis to the other longawned species of this region, in particular C. foliosa. It would also be useful to have a chromosome count for this species. Calamagrostis foliosa. Plants sometimes with sterile culms; cespitose, short (less than 1 cm) rhizomes rarely present. Culms (25)30-60(70) cm, unbranched, sparsely scabrous beneath the panicles; nodes 1-3. Sheaths and collars usually smooth; ligules (3)4-6(7) mm, mostly entire and truncate to obtuse, sometimes lacerate; blades (10)11-21(27) cm long, (1.5)2-2.5(4) mm wide, mostly basal, flat or involute, abaxial surface smooth, adaxial surface slightly scabrous. Panicles (9)10-12(19) cm long, 1-1.5(2.5) cm wide, erect to slightly nodding, contracted, branches sometimes slightly spreading at the base, usually pale green, rarely pale purple; branches (2)3-4(5) cm, sparsely scabrous, with spikelets to the base. Spikelets (7)8-11 mm; rachilla prolongations (1.5)2-(3) mm, prominently bearded, hairs to 2-3 mm. Glumes keeled, smooth or scabrous on the keel, lateral veins prominent, apices acuminate; callus hairs 2.5-3(4) mm, 0.4-0.6 times as long as the lemmas, abundant; lemmas (5)6-7(8) mm, (0.5)1-2(3) mm shorter than the glumes; awns 12-14(17) mm, attached to the lower 1/5-2/5 of the lemmas, exserted (greater than 2 mm), easily distinguished from the callus hairs, bent; anthers 3-4.5 mm. 2n 5 28.
Calamagrostis howellii. Plants sometimes with sterile culms; densely cespitose, rhizomes rare, if present, less than 1 cm. Culms (25)35-45(60) cm, unbranched, smooth or slightly scabrous beneath the panicles; nodes 1-2. Sheaths and collars smooth; ligules (2.5)3.5-6 mm, lacerate, if not too torn then acute; blades (9)12-20(25) cm long, 1-2.5(3) mm wide, flat to involute, abaxial surface smooth, adaxial surface finely scabrous. Panicles (5)7-12(15) cm long, (2)3.5-6.5(8) cm wide, loose and open, straw-colored, green to purplish; branches (2)3.5-5(7) cm, smooth or sparsely scabrous, with spikelets often, but not always, concentrated in the distal 1/2 of the branchlets. Spikelets (5.5)6-8 mm; rachilla prolongations 1-1.5(2) mm, with (1.5)2-2.5(3) mm hairs. Glumes rounded to slightly keeled, smooth or scabrous only on the apices, lateral veins usually prominent and raised, apices acuminate; callus hairs 2-3(4.5) mm, 0.4-0.6(0.7) times as long as the lemmas, abundant; lemmas 4.5-5 mm, about 2 mm shorter than the glumes; awns (10)13-16 mm, attached to the lower 1/5-2/5 of the lemmas, exserted, stout, easily distinguished from the callus hairs, strongly bent; anthers (2)2.5-3(4) mm. 2n 5 28.
Calamagrostis purpurascens. Plants apparently without sterile culms; strongly cespitose, often with short (1-4 cm), moderately stout (1-2 mm thick) rhizomes. Culms (10)30-80 cm, usually unbranched, occasionally branched, slightly to strongly scabrous, sometimes short hairy beneath the panicles; nodes (1)2(3). Sheaths scabrous; collars mostly scabrous to hairy, rarely smooth; ligules (1.5)2-4(9) mm, usually entire and truncate, sometimes lacerate. Blades (4)5-17(30) cm long, 2-5(6) mm wide, flat or involute, stiff, abaxial surfaces scabrous, adaxial surfaces densely long hairy, rarely sparsely hairy. Panicles 4-13(15) cm long, 0.9-2(2.8) cm wide, erect, contracted, infrequently interrupted near the base, often red-or purple-tinged; branches 1.3-3.5 cm, scabrous, with the projections long, almost hairy, and with spikelets to the base. Spikelets (4.5)5.5-6.5(8) mm, with 1(2) florets; rachilla prolongations about (1)2 mm, with about 2 mm hairs. Glumes keeled, commonly scabrous on the entire surface, rarely scabrous on the keel only, lateral veins obscure to prominent, apices acute; callus hairs (0.9)1.2-1.5(2.4) mm, 0.2-0.4(0.6) times as long as the lemmas, sparse; lemmas (3.5)4-4.5(5) mm, 1-2.5 mm shorter than (rarely equal to) the glumes; awns (4.5)6-7(9) mm, attached to the lower 1/10-1/3 of the lemmas, exserted (except rarely when the awn is 4.5-5 mm long), stout, easily distinguished from the callus hairs, bent; anthers (1.3)1.7-2.5(2.9) mm. 2n 5 42-58, 84.
Calamagrostis sesquiflora. Plants rarely with sterile culms; strongly cespitose, usually without rhizomes or with short (1-2 cm), moderately stout (1-2 mm thick) rhizomes. Culms (15)30-46(50) cm, unbranched, usually smooth, rarely slightly scabrous beneath the panicles; nodes 1-2(3). Sheaths and collars smooth; ligules (0.5)2-5(6) mm, entire and mostly truncate (obtuse) to lacerate; blades (3)8-25(31) cm long, (2)3-7 mm wide, flat, abaxial surface scabrous, rarely smooth, adaxial surface smooth or slightly scabrous. Panicles 4-11(12) cm long, 0.8-2.5(2.8) cm wide, erect, contracted to somewhat open, usually purple-tinged, sometimes brown or green; branches 1.5-3(4) cm, scabrous, with the projections sometimes long, almost hairy, and with spikelets to the base, except sometimes on the lowest branches. Spikelets (5)5.5-8.5(9.5) mm; rachilla prolongations (1)1.5(2.2) mm, with 1-2.2 mm hairs. Glumes keeled, scabrous, usually for the full length of the keel and sometimes on the entire surface, lateral veins prominent, apices long-acuminate, tips often twisted; callus hairs (0.8)1.2-1.8(3) mm, 0.1-0.4 times as long as the lemmas, abundant; lemmas (3.5)4-4.5(6) mm, (0.5)1-2.5(4.5) mm shorter than the glumes; awns (5.4)7-11(13) mm, attached to the lower 1/10-2/5 of the lemmas, exserted (greater than 2 mm), stout and easily distinguished from the callus hairs, bent; anthers (1.2)2.2-3(3.4) mm. 2n 5 28.
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